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Summary 
The  aim  of  this  study  is  to  identify  adequate  methods  for 
estimating  the  costs  and  benefits  related  to  the  proposed 
directive  on  health  protection  standards  for  sulphur  dioxide 
and  suspended  particulates  in  the  atmosphere  of  densely 
populated  areas. 
Many  studies  on  the  cost-benefit-estimation  of  pollution 
control  measures  have  already  been  carried  out.  On  the  one 
hand  there  are  many  objections  to  the  methods  applied  and 
on  the  other  hand  none  of  the  existing  studies  deals  with  such 
a  comprehensive  subject  as  the  present  investigation.  Due  to 
the  regional  scope  (nine  different  countries  have  to  be 
covered)  additional  problems,  mainly  concerning  the  avail-
ability  of  data,  have  to  be  solved. 
In  order  to  overcome  these  difficulties  the  work  has  been 
divided  into  parts,  i.e.  the  methods  available  are  discussed 
according  to  the  various  steps  of  the  cost-benefit  estimation 
procedure.  The  structure  of  the  study  follows  these  main  steps 
and  consists  of  the  following  five main  parts: 
Survey  and  selection  of  polluted  areas  (Chapter  2) 
Determination  of  the  transmission  conditions  (Chapter  3) 
Evaluation  of  the  avoidance  and  reduction  measures 
(Chapter  4) 
Methods  of  determining  costs  (Chapter  5) 
Methods  of  estimating  benefits  (Chapter  6) 
The  conclusions  which  are  drawn  from  the  discussions  are 
summarised  in  Chapter  7  (discussion  of  methods)  and 
Chapter  8  (proposed  further  procedure). 
Within  each  chapter  the  different  methods  applied  are  briefly 
described  and  their  advantages  and  disadvantages  discussed. -IX-
The  selection  of  the  method  which  seems  to  be  the  most 
adequate  for  the  study  under  consideration  was  based  on  the 
following  criteria: 
effort  for  estimating  costs  and  benefits  (costs  involved) 
possibility  of  generalizing  the  results  (applying 
individual  results  to  the  EC  area  as  a  whole) 
accuracy  of  statements 
possibility  of  quantifying  the  main  results 
Obviously  some  of  these  criteria are  conflicting,  e.g. 
minimizing  effort  and  maximiZing  accuracy.  In  this  case  we 
propose  the  method  which  guarantees  the  desired  results  with 
the  lowest  effort. 
In  the  following,  a  short  survey  of  the  contents  of  the 
individual  chapters  is  given.  The  methods  investigated  are 
listed,  the  selected  one  underlined  and  reasons  given  for 
selection. 
Survey  and  selection  of  polluted  areas 
Methods  investigated: 
consideration  of  all  polluted  areas 
case  study 
classification  by  polluting  groups 
classification 
In  order  to  keep  the  work  within  acceptable  limits  and  yet 
achieve  sufficiently  accurate  results,  the  most  suitable 
procedure  seems  to  be  to  classify  the  polluted  areas  accord-
ing  to  their  dominant  polluting  processes. -X-
Determination  of  transmission  conditions 
Methods  investigated: 
methods  of  determining  the  transmission  conditions 
by  means  of  dispersion  calculations 
application  of  dispersion  models 
application  of  estimation  methods 
methods  of  relating  emission  to  concentration  without 
dispersion  calculations 
The  contribution  of  each  polluting  process  is  applied  to  the 
g.l.  concentration  with  a  simplified  dispersion  calculation. 
Evaluation  of  the  avoidance  and  reduction  measures 
The  following  way  is  investigated:  comprehensive  literature 
is  available  which  can  be  accomplished  by  oral  interviews. 
The  measures  are  assessed  by  the  criterion  of  the  environ-
mental  and  economic  efficiency. 
Methods  of  cost  determination 
Methods  investiga.ted: 
examination  of  the  desulphurization  costs  in  one 
industrial  sector  (model  emitters) 
cost  determination  in  industry  (representative 
questionnaire) 
cost  determination  on  the  basis  of  a  comparison  of 
alternative  processes 
regional  approach  to  the  determination  of  the  cost  of 
flue  gas  desulphurization 
determination  of  environmental  protection  costs  in  the 
iron  and  steel  industry 
An  appropriate  method  is  the  combination  of  comprehensive 
general  inquiry  with  an  intensive  investigation  of  important 
emitter  groups  (polluting  processes). -XI-
Methods  of  estimating  benefits 
Methods  investigated: 
economic  approach  (i.e.  quantifying  in  monetary  terms) 
ecological  approach 
The  ecological  approach  .seems  to fit best  to  the  requirements 
of  the  study.  The  benefit  of  the  air quality  standards  is  ex-
pressed in terms  of  the  sensitive  receptors  ( 1 ike  flora,  fauna, 
buildings)  which  are  affected  in  a  positive  sense. 
Further  procedure 
In  order  to  keep  the  effort within  an  acceptable  range  it is 
proposed  to  apply  the  selected  methods  mentioned  above  in  a 
study  for  a  pilot area  (Phase  II).  The  pilot  study  would 
consist  of  the  following  main  items: 
data  collection 
determination  of  transmission  conditions 
assessment  of  measures 
determination  of  the  costs  of  the  measures 
determination  of  the  benefits  of  the  measures 
The  procedure  is  described  in  Fig.  8.2-1  and·8.2-2. 
The  data  collection  should  be  carried  out  by  an  institute 
of  the  country  concerned  in  order  to  minimize  costs  as  well 
as  to  utilise specific  know-how  of  the  characteristics  of 
the  area. 
In  Phase  III  one  of  each  type  of  polluted  area  (classified 
according  to  the  dominant  polluting  processes  in  that  area) 
should  be  investigated  and  the  results  extrapolated  for  all 
areas  affacted  by  the  proposed  directive.  Since  this  phase 
can  make  use  of  the  results  and  experience  of  the  pilot  study 
the  work  involved  should  be  acceptable. -1-
1.  IC1troduction 
1.1.  Background,  Objectives  and  Problems  of  the  Study 
The  environmental  action  programme  of  the  European  Communities 
/1/  gives  priority  to  the  reduction  of  the  concentration  of 
sulphur  oxides  and  suspended  particulates  in  the  atmosphere, 
because  according  to  the  present  state  of  knowledge 
they  seriously  affect  human  health  and  sensitive  ecosystems, 
they  are  assumed  to  have  a  long-term  toxic effect. 
In  order  to  protect  the  population  and  the  environment,  the 
European  Communities  therefore  consider  it necessary  to  set  up 
suitable  health  protection  standards. 
Accordingly,  the  Commission  of  the  European  Communitie~  has 
submitted  a  proposal  to  the  Council  of  the  European  Communities 
on  25th  February,  1976,  for  a  directive  on  health  protection 
standards  concerning  sulphur  dioxide  and  suspended  particulates 
in  the  atmosphere  of  densely  populated  areas  (cf.  Table  1-1) 
/2/. 
Since  measures  to  improve  the  environment  involve  costs  /3/, 
the  European  Parliament  has  requested  the  Commission  to  submit 
an  estimate  of  the  costs  likely  to  be  incurred  in  the  Member 
States  of  the  European  Community  in  connection  with  the  im-
plementation  of  the  proposed  health  protection  standards  for 
sulphur  dioxide  and  suspended  particulates.  This  request  was 
based  among  other  things  on  the  comments  of  the  Social  and 
Economic  Committee  of 15th February, 1977/4/. The  cost estimates 
should  be  specified  for  the  whole  economy  and  for  individual 
industrial  sectors. 
This  is  the  background  for  carrying  out  the  present  study  to 
determine  the  costs  as  well  as  the  benefits  introducing  the 
proposed  health  protection  standards. -2-
Taking  consideration  of  the  rudimentary  state of  the  methods 
so  far  available  for  determining  the  costs  and  benefits  of 
environmental  protection  measures  the  study  aims  to  discuss 
these  methods  with  particular  respect  to  air quality  standards. 
One  or  a  combination  of  these  methods  is  then  to  be  selected 
and  further  developed. 
Implementation  of  the  health  protection  standards  l·eads  to 
social,  economic  and  ecological  benefits  due  to  the  reduced 
potential  damage  to  be  expected  from  the  atmospheric  pollu-
tants  sulphur  dioxide  and  suspended  particulate.  The  benefit 
consists  not  only  in  the  reduction  and  prevention  of  known  or 
unknown  negative  effects  of  these  pollutants  on  man,  animals, 
plants  and  materials,  but  also  in  the  reduction  of  the  pro-
bability  of  future  damage,  which  rna~  be  caused  by  changed 
specific  environmental  conditions. 
tn  terms  of  environmental  politics  the  introduction  of  health 
protection  standards  has  short- and  long-term  curative  and 
preventive  objectives.  If  possible,  damage  to  the  environment 
due  to  atmospheric  pollution  should  be  prevented  initially 
rather  than  being  remedied  later at a  higher  cost.  To  assess 
the  benefit  of  the  introduction  of  a  quality  standards  for  so2 
and  suspended  particulates  it is  therefore  necessary  to  take 
into  account  both  the  curative  and  the  preventive  effect. 
1.2.  Procedure 
As  neither  a  uniform  approach  nor  a  uniform  method  exists  for 
determining  the  costs  and  benefits  of  the  measures  necessary 
for  implementing  the  health  protection  standards,  the  problems 
to  be  solved  in  the  study  will  be  divided  into  several  sub-
problems.  For  each  of  these  parts 
polluted  areas, 
transmission  conditions, 
suitable  measures, costs  and 
benefits. 
-3-
several  methodical  approaches  will  be  discussed  on  the  basis 
of  the  following  assessment  criteria: 
expense  (time,  money,  materials)  of  estimating  costs 
and  benefits, 
possibility  of  extending  the  individual  results  of  the 
whole  area  covered  by  the  study  (EC  countries), 
degree  of  accuracy  of  the  statements  and 
possibility  of  quantifying  the  most  important  results. 
After  considering  the  advantages  and  disadvantages  of  these 
approaches  a  methodical  approach  is  proposed  which  combines 
the  most  suitable  solutions  of  the  subproblems  in  a  set of 
method  modules.  The  resultant  method  is  finally  appraised  with 
respect  to  the  effort  required  for  its  implementation. 
This.report  is  composed  of  the  main  points  corresponding  to 
the  above-mentioned  procedure: 
selection  of  polluted  areas 
determination  of  transmission  conditions, 
relation  between  emission  to  ground  level  concentration 
determination  of  suitable  measures 
determination  of  costs  resulting  from  measures  of air 
pollutant  control, 
determination  of  benefits. -4-
2.  Survey  and  Selection  of  Polluted  Areas 
2.1.  Identification  of  Polluted  Areas 
The  atmospheric  pollution  with  sulphur  dioxide  (resulting 
mainly  from  combustion  processes)  and  with  suspended  parti-
culates  often  leads  to  hazardous  concentrations  particularly 
in  densely  populated  urban  and  industrial  areas.  The  proposed 
he~lth  protection  standards  therefore  aim  to  reduce  the  con-
centration  in  these  areas  without,  however,  worsening  the  air 
quality  in  regions  with  lower  original  atmospheric  pollution 
/5/. 
The  study  primarily  covers  areas  with  sulphur  dioxide  and  sus-
pended  particulate  concentrations  above  the  proposed  limits1) 
For  these  areas  the  costs  and  benefits  of  possible  reduction 
measures  will  be  determined. 
The  1976  EC  report  on  atmospheric  pollution  by  sulphur  compo-
nents  and  suspended  particulates  /6/  provides  a  general  survey 
of  the  most  important  polluted  areas  in  the  EC.  The  criterion 
for  the  selection  of  an  area  is  a  pollutant  concentration  ex-
ceeding  the  health  protection  standards.  To  prevent  specific 
areas  being  omitted  as  a  result  of  different  measurement 
methods,  different  sensitivities  or  measuring  inaccuracies, 
areas  are  included  in  which  the  measured  values  are  up  to 
25  ~g/m
3  below  the  limits. 
Thus,  it may  be  assumed  that  these  are  the  major  polluted  areas 
where  emission  reduction  measures  will  have  to  be  taken  in  order 
to  k~ep  below  the  proposed  limits  (cf.  Table  2-2)  /7/. 
The  polluted  areas  can  be  seen  in  Fig.  2-1  /8/,  as  they  largely 
coincide  with  the  emission  centres  shown  in  the  map.  Some 
additional  papers  /9,  10,  11,  12,  13,  14/  which  provide  informa-
tion  about  regional  centres  of  pollutant concentrations  were 
1)  in  the  following  called 
11poluted  areas  .. -5-
used  to  confirm  these  results. 
2.2.  Methods  of  Selecting  Polluted  Areas 
2.2.1.  Consideration  of  All  Polluted  Areas 
The  first  possibility  of  determining  the  area  to  be  investi-
gated  in  order  to  assess  the  costs  and  benefits  of  possible 
measures  is  to  cover  all  the  polluted  areas.  However,  the 
investigation  of  such  a  great  number  of  areas  would  require 
considerable  time  and  effort,  especially  as  the  structural 
characteristics: 
topography, 
climate, 
land  use, 
trade  and  industry  structure, 
heating  patterns, 
traffic distribution, 
location  of  the  polluted  area  in  relation  to  other 
agglomerations. 
These  characteristics  differ from  one  area  to  the  other  and 
emission  inventories  do  not  exist  for  all  the  areas.  In  many 
cases  this  drawback  would  not  be  balanced  by  the  advantage  of 
more  accurate  results. 
2.2.2.  Case  Study 
Another  approach·would  be  to  carry  out  a  case  study  of  ju~t 
QQ!  polluted  area  and  t~ extrapolate  the  results.  To  select 
this  area,  however,  comprehensive  preparatory  investigations 
of !ll  the  polluted  areas  would  be  necessary.  In  order  to 
select  an  area  that  is  rep~sentative with  respect  to  its 
general  structural  characteristics  and  the  existing  concentra-
tions  of  sulphur  dioxide  and  suspended  particulates  a  costly -6-
data  collection  process  would  be  involved. 
If,  on  the  other  hand,  a  polluted  area  is  selected  simply 
because  suitable  data  are  already  available,  the  results  of 
the  extrapolation  may  be  too  inaccurate. 
This  procedure  would  thus  appear  either  too  cost-intensive  (if 
a  representative  area  has  first  to  be  selected)  or  too  in-
accurate  (if the  selection  procedure  is  reduced  to  a  minimum). 
2.2.3.  Classification  by  Polluting  Groups 
Another  possibility  is  to  classify  the  polluted  areas  accord-
ing  to  the  pollution  caused  in  them  by  the  following  ~ain 
polluting  groups: 
households, 
industry, 
power  stations, 
traffic, 
and  possible  combinations  of  these, 
and  to  then  investigate  only  one  or  two  areas  from  each  of 
the  thus  formed  classes. 
The  above  mentioned  EC  report  /8/  gives  a  classification  with 
seven  types  of  polluted areas (industrial,  commercial,  resident-
ial  and  their  four  combinations). 
The  main  problem  of  this  method  arises  as  a  result  of  the 
structural  heterogeneity  of  the  various  areas  for  they  often 
consist  of  several  of  the  above  class1fied  types.  Considering-
the  widely-dispersed  measuring  network  in  most  of  the  polluted 
areas  it would  be  necessary  to  collect additional  data  in  order 
to  fill  the  gaps  and  to  balance  the  inaccuracies  due  to  differ-
ent  measuring  methods. -7-
2.2.4.  Classification  by  Types  of  Process 
A  further  possibility  of  classifying  the  polluted  areas  would 
be  according  to  the  amount  of  pollution  caused  in  each  area 
as  a  result  of  the  following  processes1)· 
fuel  combustion  proccesses 
power  stations 
industrial  furnaces 
s~all-scale consumers 
traffic 
production  processes 
fuel 
non-metallic  mineral 
iron/steel 
chemicals 
Polluted  areas  with  a  similar structure  as  regards  the  amount 
of  pollution  caused  by  the ·various  processes  would  be  grouped 
in  the  same  class  and  the  investigation  could  then  be  con-
centrated  on  one  or  two  examples  from  e~ch  cla~s. 
In  the  Federal  Republic  of  Germany  there  is  sufficient data 
on  the  quantities  emitted  as  a  result  of  each  of  these  pro-
cesses.  If  such  data  does  not  exist for  all  the  EC  member 
countries,  emission  quantities  could  be  estimated  using  stui-
table  structural  data  and  emission  factors. 
Data  on  the  shares  of  the  fuel  types 
coa 1, 
fuel  oi 1  and 
gas  oil 
1)  This  classification  is  taken  from  a  report  on  air quality 
control  in  the  Federal  Republic  of  Germany  (cf.  Table  2-3 
/15/). -8-
in  the  total  emission  are  available for  all  EC  member  countries 
/16/. 
The  data  collection  effort would  thus  be  limited  to  evaluating 
the  statistics  of  the  individual  countries.  Since  sufficient 
data  are  available  this  classification  procedure  would  produce 
useful  results. -9-
3.  Methods  of  Determining  the  Transmission  Conditions 
The  processes  that  transform  emissions  into  a  ground  level 
concentration  field  (=  immission)  are  very  complex.  The 
immission  cannot  simply  be  inferred  from  an  emission  in  a 
particular area.  As  immission-reducing  measures  are  usually 
taken  on  the  emission  side,  it is  necessary  to  find  adequate 
methods  of  determining  the  transmission  conditions.  Existing 
dispersion  models  and  other  methods  must  be  studies  as  to 
their suitability  and,  if need  be,  further  developed. 
A particular  problem  arises  as  a  result  of  the  height  at  which 
the  emissions  are  released.  Sulphur  dioxide  emissions,  for 
instance,  are  released  in  residential  areas  mainly  at  building 
level,  while  in  industrial  and  commercial  areas  the  emissions 
take  place  at  greater  heights.  As  a  result,  the  proportion  of 
the  total  ground  level  concentration  (=  g.l.  concentration)  by 
households  in  a  polluted  area  caused  is  larger  than  corresponds 
to  their  proportion  in  the  total  emission.  Hencejit  can  be 
concluded  that  reduction  of  the  industrial  emissions  will  prob-
ably  have  a  lower  effect  on  the  g.l.  concentration  situation 
in  the  agg-lome·ration  than  relevant  measures  taken  on  the  part 
of  the  households  (see  3.2.2)  jl7j. 
3.1.  Methods.  of  Determining  the  Transmission  Conditions 
by  Means  of  Dispersion  Calculations 
The  strong  influence  of  the  source  level  and  other  parameters 
on  the  dispersion  processes  makes  it difficult to  establish 
the  relationship  between  the  g.l.  concentration  in  an  area 
and  the  emission  sources  without  complex  analyses.  Of  the  more 
detailed  methods  of  analysis  the  various  dispersion  models  are 
of  particular interest.  They  permit  a  quantitative  determina-
tion  of  the  contribution  of  the  various  emitters  to  the  over-
all  g .1.  concentration. -10-
Relatively  reliable  information  about  the  overall  g.l.  con-
centration  in  an  area  and  the  influences  of  various  emitter 
groups  can  be  obtained  by  complex  mathematical  simulation  of 
the  dispersion  processes.  With  this  information  the  measures 
needed  to  reduce  the  g.l.  concentration  to  values  below  the 
proposed  limits  can  be  worked  out. 
3.1.1.  Application  of  Detailed  Calculations 
The  application  of  a  dispersion  model  requires 
the  collection  of  data  characterizing  the  meteorological 
conditions  in  the  dispersion  area,  and 
a  mathematical  description  of  the  transmission  process. 
A dispersion  model  suitable  for  solving  the  problems  covered 
by  the  present  study  would  have  to  meet  specific. requirements 
with  respect  to  short- and  long-term  investigations.  The  re-
quirements  /18/  to  be  met  by  the  input  data  of  such  a  model 
are  summarized  in  Tables  3-1  and  3-2. 
Accordingly,  the  following  input  data  must  be  available  for 
the  dispersion  calculations  /19/: 
Area  under  investigation 
Locations  of  all  sources  and  measuring  stations 
Wind 
Average  wind  speed  and  direction 
Diffusion 
Stability class,  mixing  height 
Source 
Emission  rate,  flue  gas  volume,  velocity  and  temperature, 
stack  height  and  diameter,  air  temperature - 11  -
The  Gaussian  models  developed  on  the  basis  of  mathematical 
statistics  give  characteristic  values  to  be  expected  on  a 
multiannual  average.  One  of  the  most  important  boundary 
conditions  of  these  models  is  that  weather  situations  with 
no  or  only  light winds  cannot  be  assessed. 
Another  problem  is  the  lack  of  long-term  data  to  describe 
all  the  above  parameters.  Because  of  the  annual  fluctuations, 
these  parameters  should  always  be  described  by  long-term 
averages. 
If dispersion  cal~ulations are  to  be  used  for  the  present 
study,  an  emission  inventory  will  have  to  be  established.  This 
requires  the  collection  of  comprehensive  data.  To  reduce  the 
mathematical  effort,  several  emitters  of  the  same  type  can  be 
combined  and  represented  by  one  fictitious  emission  source. 
This  approach  could  be  applied  not  only  to  individual  polluted 
areas.  but  also  to  types  of  polluted  areas  determined  on  the 
basis  of  identical  or  similar  emission  conditions. 
The  quality  of  the  results  depends  primarily  on  the  reliabil-
ity  of  the  data  contained  in  the  emission  inventory.  Usually, 
they  are  quite  accurate,  but  collection  of  the  necessary  data 
involves  comparatively  high  cost. 
It  would  therefore  appear  useful  to  look  for  simplified 
methods  which,  for  example,  do  not  require  direct  conversion 
of  emissions  into  g.l.  concentrations. 
3.1.2.  Application  of  Estimation  Methods 
In  the  Federal  Republic  of  Germany  a  method  has  been  developed 
to  make  simple  estimations  of  g.l.  sulphur  dioxide  concentra-
tions  I  20'.  This  method  assumes  the  following  factors  to  be 
identical  for  all  urban  and  rural  districts: the  shape  of  the  district, 
the  topography, 
- 12-
the  meteorological  factors, 
the  location  of  the  emission  sources  within  the  district, 
and 
the  amount  of  sulphur  dioxide  emissions  per  unit  of  energy 
consumed  and  the  emission  ~haracteristics  (stack  height 
etc.)  according  to  four  groups  of  emitters  (traffic, 
domestic  heating,  industry  and  power  stations). 
The  only  information  that  has  to  be  considered  separately  for 
each  district  is  the  energy  consumption  of  each  of  the  above 
mentioned  groups  of  emitters. 
The  reason  for  distinguishing  between  these  four  types  of 
emitters  is  that  each  of  them  has 
specific  rates  of  so2  emissions  per  unit  of  energy 
consumption  and 
specific  emission  and  dispersion  characteristics. 
According  to  this  method  the  g.l.  sulphur  dioxide  concentra-
tions  in  a  particular district  is  thus  assumed  to  differ from 
that  of  another district  purely  on  account  of  the 'difference 
in  energy  consumption  of  these  four  emitter  groups  (see  Fig. 
3.1.2-1). 
One  problem  of  this  method  is,  therefore,  the  highly  simpli-
fied  assumption  involved  which  does  not  allow  the  peculiarities 
of  particular  regions  to  be  taken  into  consideration.  An  even 
more  important  drawback,  however,  is  the  difficulty  of  apply-
ing  it to  a  polluted  area  that  does  not  necessarily  coincide 
with  existing  administrative  and  statistical  boundaries. - 13-
3.2.  Methods  of  Relating  Emissions  to  G.L.  Concentration 
without  Dispersion  Calculations 
In  the  case  of  polluted  areas  where  the emissions are  caused 
predominantly  by  one  processing  type,  g.l.  concentrations  ex-
ceeding  the  proposed  limits  can  be  attributed  to  that  particular 
type  and  reduction  measures  implemented  appropriately.  Know-
ledge  of  the  transmission  conditions  is  not  necessary. 
If  the  polluted  areas  are  characterised  by  the  presence  of 
several  processing  types,  the  following  approach  is  possible. 
It  is  assumed  that  the  contribution  of  a  specific  processing 
type  to  the  total  emission  corresponds  to  its contribution  to 
the  total  g.l.  concentration.  In  determining  measures  to  reduce 
the  g.l.  concentration  a  safety  margin  must  then  be  introduced 
to  allow  for  the  unknown  specific  transmission  conditions. 
This  means  that  the  proposed  measures  (and  costs)  will  usually 
be  more  comprehensive  than  is  strictly necessary  to  achieve 
the  desired  reduction  in  the  g.l.  concentration.  The  safety 
margin  can  be  determined  on  the  basis  of  expert  opinions  on  the 
transmission  conditions  in  the  polluted  area  concerned. 
In  order  to  take  due  account  of  the  source  height  without  using 
dispersion  calculations  an  assessment  factor  can  be  applied 
as,  for  example,  in  the  Ruhr  District /21/. 
Sulphur  dioxide  Source  height  Assessment 
polluting  group  m  factor 
Traffic  2  8.5 
Household  20  7.2 
Industrial  furnace  100  3.4 
Sintering  plants  200  1 •  6 
Power  stations  300  1 • 0 ·- 14-
In  a  supraregional  analysis  of  sulphur  dioxide  pollution,  an 
extension  of  this  concept  was  proposed  to  enable  standardized 
assessment  factors  to  take  account  not  only  of  the  source 
height  but  also  of  the  size-of  the  polluted  area. 
Most  of  the  emission  data  required  for  this  approach  is 
readily  available.  The  main  drawback  is  the  increased  cost 
of  the  proposed  measures  on  account  of  the  above  mentioned 
safety  margin. -15-
4.  Methods  of  Determining  Suitable  Measures 
A reduction  of  g.l.  concentration  to  the  level  specified  in 
the  health  protection  standards  can  be  achieved  both  by 
reduction  and  by  prevention  of  particular emissions.  First 
of all,  a  catalogue  of  all  possible  measures  (cf.  Table  4-1) 
must  be  prepared  ;22;  and  the  latest technical  developments 
documented  /23/.  The  measures  can  then  be  classified accord-
ing  to  one  or  more  of  the  following  criteria: 
emitter  groups, 
pollutants, 
technological,  organisation  and  planning  measures, 
emission  sources  (production  plants  or  furnaces), 
fuel  types, 
dependin~ on  the  methodical  approach  selected  for  the  inves-
tigation.  Suitable  measures  can  then  be  selected  from  the 
catalogue  according  to  their 
environmental  effectiveness  (in  reducing  g.l.  concentration  ), 
economic  efficiency~ 
technical  effectiveness  (in  reducing  emissions), 
technical  practicability. 
It  would,  of  course,  be  best  to  select  measures  which  satisfy 
all  rour criteria. 
Since  the  primary  objective  of  all  measures  is  to  reduce  the 
g.l.  concentration  to  the  limits  proposed  by  the  health  pro-
tection  standards,  the  criterion  of  environmental  effetiveness 
is  of  maximum  importance. 
When  looking  for  the  most  effective  measures,  the  emission 
producing  sectors  which  have  the  highest  share  in  the  total 
g.l.  concentration  should  be  examined  first.  Then  the  sector 
with  the  second  highest  share  should  be  investigated,  and  so  on. -16-
In  the  Federal  Republic  of  Germany,  for  example,  the  energy 
sector contributes  most  strongly  to  the  total  emission  both 
of  sulphur  dioxide  (95.5  %)  and  of  suspended  particulates 
(74.4  %).  The  situation  is  similar  in  other  EC  Member  States. 
Further,  the  emissions  caused  by  the  various  fuel  types 
(cf.  Table  2-4)  indicate  that  the  measures  should  be  specif-
ically  aimed  at  the  coal,  lignite  and  heavy  oil  combustion 
process  /24/. 
In  using  this  method  for  the  assessment  of  emission-reduction 
measures,  major  uncertainties  may  occur  if the  environmental. 
efficiency,  expressed  by  the  anticipated  reduction  of  g.l. 
concentration,  has  not  been  sufficiently calculated.  There 
are,  however,  studies  which  have  already  calculated  reductions 
in  the  pollutant concentration  as  a  result  of  emission-reduc-
tion  measures  /25/. 
The  second  essential  assessment  criterion  is  the  economic 
efficiency,  Among  several  measures  having  the  same  environ-
mental  efficiency,  the  one  should  be  selected  which  involves 
the  lowest  cost. 
In  our  opinion  the  other  selection  criteria are  less  important 
for  the  selection  of  measures,  in  particular  because  some  of 
them  necessitate  very  detailed  data  collection. 
The  problems  in  the  selection  of  effective  measures  differ 
for  the  various  assessment  criteria:  in  the  case  of  economic 
efficiency,  they  are  to  be  seen  in  the  field  of  cost  determina-
tion.  In  the  case  of  environmental  effectiveness  they  concern 
the  consideration  of  the  transmission  conditions. 
It  should  be  noted  here  that  substantial  efforts  will  be 
necessary  to  list all  the  abatement  measures  used  in  the 
European  Community  and  to  document  the  latest technological 
developments.  In  this  context,  the  data  on  the  technical 
effectiveness  will  have  to  be  collected  by  comprehensive 
literature  surveys  and  interviews  with  experts. - 17-
5.  Methods  of  Costs  Determining  Concerning  Air  Pollution 
Control  Measures 
5.1.  The  Concept  of  Cost 
Before  the  problems  involved  in  determining  the  benefits  and 
costs  of  measures  to  reduce g.l.  concentration  are  dealt  with  in 
greater detail,  certain  concepts  and  categories  must  be 
clarified. 
The  following  cost  concepts,  introduced  by  the  Council  of 
Environmental  Quality,  are  used  in  literature relating  to 
environmental  economics  /26/: 
damage  costs 
avoidance  costs 
transaction  costs 
abatement  costs. 
Damage  and  avoidance  costs  refer  to  the  economic  costs  in-
curred  as  a  result  of  the  envi·ronmental  burdens  arising  from 
production  and  consumption.  They  represent  the  monetary 
equivalent  of  the  damage  to  man,  plants,  animals  and  material 
goods,  i.e.  the  external  effects  /27/. 
In  evaluating  the  costs  of  measures  to  maintain  a  standard 
air quality,  only  the  transaction  and  abatement  costs  are 
relevant  since  these  are  incurred  to  reduce  - or  avoid  - harm-
ful  emissions  (cf.  Fig.  5-1,  visualizing  the  economic-cost 
concepts  /28/). 
Increasing  the  abatement  costs  in  the  field  of  production  and 
consumption  aims  to  reduce  the  damage  caused,  which  is  equi-
valent  to  an  alleviating  the  environmental  effects.  Thus  a 
benefit  to  the  environment  is  achieved  in  the  form  of  re-
duced  or  avoided  damage,  i.e.  the  damage  and/or  avoidance 
costs  fall.  These  economic  costs  are  therefore  omitted  from - 18-
cost  calculation,  but  are  relevant  to  the  benefit calculation 
(cf.  Section  6.3). 
5.2.  Cost  Determination 
According  to  the  preceding  concept  of  costs  the  main  feature 
of  this  investigation  is  the  development  of  methods  of 
determining  the  abatement  costs  and  significantly  lower  the 
transaction  costs. 
The  first  question  is  what  proportion  of  these  costs  s~ould 
be  allocated  to  the  government,  industry  or  private  house-
holds.  In  the  case  of  the  government,  the  m~in costs  in  the 
field  of  pollution  control  are  transaction  costs.  Households 
may  be  subject  to  abatement  costs,  e.~.  as  a  result  of  the  use 
of  vehicles  that  do  not  create  such  large  quantities  of 
pollutants  in  the  exhaust  gases,  or  as  a  result  of  the  con-
version  of  high-emission  coal  systems  to  gas.  The  majority  of 
costs  are  incurred  by  industry,  which  is  therefore  at  the 
centre  of  this  study.  There  is  no  need  to  deal  with  the  extent 
to  which  these  costs  are  passed  on  to  the  consumer  in  the  form 
of  higher  prices  since  this  is  a  macroeconomic  consideration. 
When  determining  the  cost  to  companies  of air pollution 
control,  it is  useful  to  differentiate  between 
the  level  of  the  individual  firm  and 
the  aggregate  level. 
5.2.1.  Determination  of  the  Cost  of  Air  Pollution  Control 
Measures  at  the  Level  of  the  Individual  Firm 
Here  it is  necessary  to  differentiate  between  production-
related  air  pollution  control  measures,  which  aim  to  prevent 
or  reduce  environmental  effects  resulting  from  the  production -19-
process,  and  product-related  measures,  which  are  incurred  in 
connection  with  the  production  of  a  (new)  product,  the  use 
of  which  involves  a  lower  environmental  burden  (compared  to 
a  reference  pr6duct).  This  distinction  is  based  mainly  on  the 
aims  of  the  different  measures  taken:  whilst  the  production-
related  measures  aim  to  reduce  production-specific  emissions, 
product-related  measures  are  intended  to  produce  goods  which 
when  used  or  consumed  have  lower  emission  rates.  Thus  the 
target  areas  of  these  two  types  of  measures  are  different. 
The  determination  of  the  environmental  protection  costs  in-
curred  in  companies  must  take  into  account  both  capital  and 
operating  costs.  Company  accounting  represents  a  suitable 
basis  for  the  definition  and  determination  of  these  costs 
1  29!. 
However,  since  the  costs  incurred  for  air  pollution  control 
are  not  usually  separated  or  indicated  in  a  companys  accounts 
it is  not  always  possible  to  determine  them  directly  /30/.  In 
particular,  problems  arise  when  multi-purpose  equipment  is  in 
use,  i.e.  equipment  which  serves  other  purposes,  such  a·s 
worker  protection,  improvement  of  the  infrastructure or 
conservation  of  energy  or  resources,  in  addition  to  pollution 
control. 
It  is  necessary  to  determine  the  proportions  of  the  capital 
costs  that  should  be  allocated  for  each  purpose.  This  is 
~ifficult especially  when  the  environmental  protection  equip-
ment  is  an  integral  part  of  a  larger  unit  and  where  there  is 
no  reference  equipment  without  the  environmental  protection 
facility. 
Additional  problems  are  to  be  expected  especially  where  it is 
difficult  or  impossible  to  separate  between  costs  incurred 
by  the  company
1 S  environmental  protection  policy  and  actual 
production  costs  or  the  cost  of  labour  protection. -20-
In  general  it is  useful  to  indicate  both  the  absolute  capital 
costs  of  environmental  protection  and  also  these  costs  as  a 
proportion  of  the  total  capital  costs  of  multi-purpose  units 
j31j. 
While  it is  relatively  simple  to  determine  the  capital  costs 
in  the  accounting  department  (apart  from  the  exceptional  cases 
just mentioned),  operating  costs  can  often  only  be  estimated 
within  broad  limits.  The  main  reason  for  this  is  that  con-
ventional  accounting  methods  provide  for  cost  categories  and 
cost  centres,  but  not  for  the  goals  of  investment  - in  this 
case  environmental  protection. 
~ 
Differentiating  between  capital  and  operating  costs  makes  it 
possible  to  compare  information  from  various  companies  or 
sectors,  even  if the  tax  basis  or  the  capital  market  conditions 
affecting  these  costs  differ. 
In  recent  years  the  ratio  of  annual  capital  costs  to  operating 
costs  has  constantly  progressed  in  favour  of  operating  costs. 
For  example,  the  ratio  in  the  chemical  industry  of  the  Federal 
Rep u  b  1 i c  of  Germany  was  1 : 1 • 7  i n  1  9 7  4 ,  1 : 2 • 4  i n  1  9  7  6  and 
1:3.5  in  1977  /321.  This  development  is  due  to  the  growing 
amount  of  existing  environmental  protection  equipment. 
The  amount  of  capital  investment  required  for  abatement  equip-
ment  as  a  result  of  regulations  of  industrial  hygiene,  as  well 
as  the  operating  costs  of  running  such  equipment  can  be 
derived  from  company  accounts.  The  problem  will  tend  to  be  the 
profusion  of  separate  pieces  of  information,  rather  than  the 
lack  of  sufficient detail. 
To  minimize  the  cost  of  data  collection,  information  on  this 
emission-reduction  equipment  may  be  obtained  by  means  of  a 
special  survey·- questionnaires  or  interviews  - among  potential 
users  /33/  or  among  producers,  planners  and  engineering  firms 
/34/.  Care  should  be  taken  to  ensure  that  only  those  companies -21-
that are  really  relevant  are  approached.  An  important 
criterion  is  that  the  companies  concerned  are  in  a  position 
to  consider abatement  measures  on  the  basis  of  both  size  and 
emission  structure.  Past  experience  has  shown  that  involving 
of  the  relevant  industrial  associations  is  indispensable  for 
clarification  of  this  point. 
Individual  companies  do  not  often  specify  total  environmental 
protection  costs  attributable  to  the  separate  environmental 
sectors,  so  to  that point  it should  be  included  in  the  above-
mentioned  inquiry  /35/. 
The  costs  of air pollution  control  to  the  individual  company 
is  particularly  influenced  by  the  following  technical  and 
economic  factors  /36/: 
type  of  industry  concerned, 
size  of  company, 
production  processes, 
intensity  of  emissions  from  the  relevant  processes, 
location, 
waste,  e.g.  of  the  flue  gas  desulphurisation  equipment, 
furnace  data  and 
usual  method  of  operation. 
It  is  not  possible  to  generalize  the  results  for  a  particular 
that  it can  individual  for  the  whole  sector  concerned. 
5.2.2.  Determination  of  the  Cost  of  Air  Pollution  Control 
at  the  Aggregate  Level 
There  are  basically  two  ways  to  obtain  data  on  operating  and 
capital  costs  at  the  aggregate  level.  One  is  to  carry  out  a 
very  detailed  investigation  collecting  a  lot of  data  with 
the  individual  results  combined  to  obtain  an  overall  picture. 
The  other  is  to  work  on  the  basis  of  global  figures,  in  which 
case  a  loss  of  jnformation  must  be  accepted.  Aggregation  of 
such  data  permits  statements  to  be  made  on  the  total  emissions 
by  a  specific  industry. -22-
In  studies  available  in  the  literature,  the  cost  of  environ-
mental  protection  measures  has  been  divided  according  to 
sectors, 
processes, 
products  and 
groups  of  emitters, 
sometimes  for  the  whole  economy  of  a  country,  sometimes  for 
a  particular  industry. 
In  the  following  sub-chapters  five  cost  studies  are  described 
briefly,  as  an  example  they  vary  with  respect  to  the  subject 
matter  and  the  methods  applied.  Some  comment  is  made  on  the 
advantages  and  disadvantages  of  each  method. 
5.2.2.1.  Examination  of  the  Desulphurisation  Costs 
in  the  Oil  Industry  (Model  Emitters) 
One  possible  way  of  aggregating  the  costs  of  product-related 
measures- i.e ..  reducing  the  sulphur  content  of fuels- is  as 
follows  /37/.  The  refineries  of  the  oil  industry  are  divided 
into  six  groups  according  to  the  parameters  processing 
capacity  and  type  of  crude  oil  processed.  A model  refinery 
is  then  derived  for  each  of  these  groups,  then  the  main  factors 
affecting  the  cost  of  the  desulphurisation  equipment  are 
determined,  and  finally  the  acutal  cost  is  calculated. 
The  factors  determing  the  extra  cost  of  desulphurisation  are 
the  various  types  of  crude  with  their different  compositions, 
the  respective  prices,  and  the  desulphurization  capacity. 
T  h  e  d  e s u  1  p  h  u  r i za t fo n  c o  s t s  o  f  a 11  r e f i n  e r i e s  a r e  r e p  r e s e n  t e d 
by  those  of  the  model  refinery  of  the  corresponding  class. 
In  order  to  obtain  the  total  costs,  the  costs  of  the  model 
refinery  are  multiplied  by  the  number  of  refineries  in  that -23-
class  and  their capacities.  Finally,  the  costs  of  the  indi-
vidual  classes  are  added  together. 
In  conclusion  such  a  way  of  pro~eeding can  be  evaluated  as 
follows: 
The  cost  of  the  assessment  depends  very  much  on  the  avail-
ability  of  the  necessary  data.  In  order  to  build  a  model, 
data  on  structural  features  are  required,  and  in  order  to 
determine  the  costs,  information  must  be  obtained  on  the 
leading  parameters. 
The  advantage  of  this  method  is  that all  individual 
companies  are  reduced  to  specific  categories.  However, 
this  advantage  can  only  be  exploited  when  the  sector  under 
consideration  has  a  relatively  homogeneous  plant  and 
production  structure. 
Data  relating  to  a  particular sector  obtained  in  this  way 
can  only  be  applied  to  polluted  areas  with  homogeneous 
structures. 
- If  they  are  applied  to  polluted  areas  of  heterogeneous 
structure  - such  as  exist  in  the  European  Community  -
considerable  loss  of  accuracy  and  therefore  of  the  weight 
of  the statementsmay  occur. 
5.2.2.2.  Cost  Determination  in  Industry  (Representative 
Questionnaire) 
Another  method  of  determining  the  cost  of  future  environmental 
protection  measures  is  to  conduct  a  survey  among  industrial 
companies,  as  has  been  done  in  the  Federal  Republic  of  Germany 
/38/.  Since  it is  not  possible  to  conduct  a  survey  of all 
industrial  companies  due  to  the  large  number  involved,  the 
distribution  of  the  questionnaire  must  b~  limited  to  a  specific -24-
number  of  companies.  The  selection  criterion  is  the  capital 
investment:  by  experience  it can  be  assumed  that  investment 
for  environmental  protection  will  correlate  rather  with  a 
company's  total  investment  than  with  its  turnover  or  the 
number  of  its  staff.  The  companies  selected  should  together 
account  for  as  large  a  proportion  of  total  industrial  invest-
ment  as  possible  while  at  the  same  time,  affecting  the  environ-
ment. 
The  results  of  the  survey  do  not,  however,  permit  direct 
conclusions  to  be  drawn  on  the  expenditure  of  the  whole 
industry  on  environmental  protection  measures.  First  the 
results  are  extrapo.lated  for  the  selected  sample  and  then 
for  the  industry  as  a  whole. 
Our  assessment  of  the  applicability  of  this  method  to  the 
planned  investigation  is  as  follows: 
The  costs  involved  are  divided  between  selection  of  the 
companies  to. be  included  in  the  survey,  and  the  costs  of 
actually  conducting  the  survey  and  interpreting  the 
results. 
Using  this  method  in  the  investigation  will  pose  problems 
in  so  far  as  the  health  protection-standards  are  not  yet 
specified  in  a  form  that  can  be  taken  into  account  in  the 
company's  investment  planning,  i.e.  the  individual  emitters 
do  not  yet  know  by  how  much  they  will  have  to  reduce  their 
emissions. 
Since  the  information  is  only  obtained  from  those  involved, 
estimations  will  be  pyrely  subjective  (e.g.  decisions  as 
to  the  proportion  of  costs  incurred  for  environmental 
protection  in  the  case  of  multi-purpose  equipment). -25-
5.2.2.3.  Cost  Determination  on  the  Basis  of  a  Comparison 
of  Alternative  Processes 
This  approach  involves  the  determination  and  comparison  of 
the  costs  of  alternative  desulphurization  processes  /34/. 
Here  the  costs  of  hydrodesulphurization  or  selected  atmos-
pheric  residues  from  the  distillation  of  crude  oil,  these 
residues  having  different  sulphur,  asphalt  and  metal  contents, 
are  calculated  for  various  final  sulphur  contents. 
The  majority  of  the  information  required  relating  to  processes 
and  costs  is  obtained  by  means  of  questionnaires  distributed 
among  those  companies  that  have  developed  desulphurization 
processes  or  which  offer their engineering  services  to  others 
planning  or  constructing  facilities  of  this  type.  In  addition, 
specific  offers  are  obtained  from  these  companies  for  the 
construction  of  a  flue  gas  desulphurization  facilities  in  the 
form  of  a  demonstration  plant.  The  intention  behind  such  bind-
ing  statements  was  to  make  the  cost calculations  more  reliable. 
Since  the  offers  only  include  the 
11battery  limits
11  rather  than 
the 
110ff  sites  .. ,  30  percent  of  the  cost  of  the  main  plant  is 
allowed  for  this  purpose. 
Operating  costs  are  included  in  the  offers,  The  possibility 
of  marketing  the  sulphur-containing  residual  products  is  not 
taken  into  account  in  the  cost  calculations. 
The  aim  in  this  case  is  to  compare  the  costs  incurred  per  unit 
product  for  oil  or  flue  gas  desulphurization.  Using  this  as  a 
basis,  the  total  cost  incurred  in  the  use  of  desulphurization 
processes  in  the  Federal  Republic  of  Germany  will  then  be 
determined.  For  this,  both  the  process  cbsts  mentioned  earlier 
and  the  future  energy  requirement  are  relevant.  The  cost  con-
siderations  are  based  on  the  following  processes: 
mechanical  removal  of  sulphur  from  coal, -26-
mechanical  desulphurization  of  coal  combined  with  flue 
gas  desulphurization  in  new  power  stations, 
desulphurisation  of  heavy  fuel  oil  and 
flue  gas  desulphurization  in  existing oil-fired  power 
stations. 
The  fuel  consumption  of  the  Federal  Republic  of  Germany  for 
a  previous  year  and  the  estimated  consumption  for  a  future 
year  are  used  to  derive  a  mean  value  which  is  then  combined 
with  the  process-specific  costs  per  unit  output. 
If,  in  order  to  evaluate  this  method,  the  work  involved  and 
the  degree  of  accuracy  of  the  resulting  statements  are  balanced 
out  against  each  other,  the  following  conclusions  can  be  drawn: 
As  described  by  the  authors  of  this  study,  the  time  and 
effort  required  to  obtain  offers  for  a  reference  plant 
a r e  s u  b  s t a n  t i a 1 .  A m  a j o r  p  r o b  1  em  i s  t h  a' t  s p  e c i f i c  o  f f e r s 
can  sometimes  only  be  obtained  if the  suppliers  believe 
that  the  plant will  really  be  built. 
The  accuracy  of  the  results  can  certainly  be  regarded  as 
satisfactory  for  the  reference  plant. 
There  is  cause  to  doubt  whether  individual  results  will 
be  able  to  be  applied  to  other  member  countries  because 
of  the  differing  technical  and  economic  environments. 
5.2.2.4.  Regional  Approach  to  the  Determination  of  the  Cost 
of  Flue  Gas  Desulphurization  Processes 
The  aim  of  this  approach  is  to  determine  the  cost  of  flue  gas 
desulphurization  in  a  particular  region  j33j.  All  major 
emitters  in  the  region  are  included. -27-
Alternative  assumptions  are  made  with  respect  to  the  sulphur 
content  of  the  fuel  for  the  major  emitters.  Furthermore,  three 
strategies  are  formulated  for  the  allocation  of  furnace  con-
ditions  and  flue  gas  desulphurization.  It  is  assumed  that 
each  emitter will  use  only  one  process. 
Capital  and  operating  costs  are  calculated  for  the  various 
possible  solutions  on  the  basis  of  the  alternative  assumptions 
relating  to  sulphur  content,  the  operating  strategies  and  the 
possible  desulphurization  processes.  For  calculation  purposes 
flue  gas  desulphurization  is  subdivided  according  to  the 
parts  of  the  plant. 
The  costs  are  calculated  on  the  basis  of  a  standard  plant, 
corrected  to  take  into  account  the  limiting  conditions  pre-
vailing  in  the  case  of  the  individual  emitter.  In  contrast 
to  the  other  methods,  this  approach  incorporates  the  prospects 
of  finding  market  gaps  or  creating  new  markets  for  the  alter-
native  waste  products,  e.g.  synthetic  plaster,  elemental 
sulphur,  both  quantitatively  and  qualitatively. 
The  capical  and  operating  costs  of  each  process  are  then 
determined  for  each  emitter.  together  with  credits  for  alter-
native  waste  products  or  debits  for  du~ning and  transport 
costs. 
Summing  up  the  costs  of  the  processes  to  be  used  by  the  major 
emitters  gives  an  indication  of  the  total  capital  and  operat-
ing  costs  for  the  area  under  consideration. 
This  procedure  can  be  evaluated  as  follows: 
The  cost  of  data  collection  is  very  high  due  to  the 
alternative  assumptions  relating  to  the  sulphur  content, 
the  various  strategies  and  the  possible  processes.  This 
cost  is .increased  still  further  by  the ·fact  that  the  in-
formation  then  relates  only  to  a  single  region.  In  the -28-
course  of  the  proposed  study  these  detailed  ~urveys would 
have  to  be  conducted  for  each  polluted  area  since  applying 
the  results  from  one  area  to  the  rest  of  the  Community 
would  be  unacceptable  on  account  of  the  expected  inaccuracy. 
Relatively  accurate  results  are  obtained  for  the  region 
under  study. 
5.2.2.5.  Determination  of  Environmental  Protection  Costs 
in  the  Iron  and  Steel  Industry 
In  this  study  /35/  the  aim  is  to  determine  the  cost  of  environ-
mental  protection  measures  in  one  sector  of  industry.  The  in-
vestigation  is  restricted  to  the  largest  and  most  important 
companies  which  represent  64.4  percent  of  total  turnover  and 
80.2  percent  of  total  production  in  this  sector. 
The  companies  are  questioned  about  the  current  state-of-the-
art  of  the  environmental  protection  equipment  and  on  th~ 
emissions  they  release  into  the  environment.  The  individual 
production  methods  used  also  figure  in  the  questions  asked, 
since  the  emissions  are  largely  determined  by  the  process. 
The  capital  investment  is  assigned  to  the  individual  plant 
section  and  to  the  environmental  sector  (which  may  be  further 
differentiated  into  air,  water,  noise,  etc.).  Information  that 
is  not  available  is  estimated  by  extrapolation. 
In  order  to  work  out  the  capital  cost  of  environmental  pro-
tection  of  the  total  sector,  an  extrapolation  is  conducted 
on  the  basis  of  two  years. 
In  addition,  an  attempt  is  made  to  describe  the  future  develop-
ment  of  investment  for  environmental  protection  purpose  by 
determining  the  trend  of  total  investment.  For  this  it is 
necessary  to  analyse  the  following  influences: -29-
future  requirements  laid  down  by  the  administration, 
the  future  state-of-the art- and 
the  investment  policy  of  the  companies. 
Data  collection  problems  make  it impossible  to  use  the  same 
procedure  to  determine  the  operating  costs.  Information  on 
operating  costs  is  obtained  by  individual  discussions,  but, 
due  to  the  differences  in  the  technologies,  the  costs  cannot 
be  attributed  to  single  processes.  For  statistical  reasons 
and  for  difficulties  of  definition,  the  operating  costs  of 
the  plants  examined  are  not  extrapolated  to  the  whole  sector, 
nor  is  an  overall  trend  extrapolated. 
The  following  points  are  relevant  to  the  evaluation  of  this 
method: 
The  effort  required  for  data  collection  effort  is  sub-
stantial,  since  detailed  company  surveys  are  necessary. 
Since  the  polluted  areas  differ  significantly  with  respect 
to  the  emitters,  a  survey  to  obtain  structural  data  on  all 
sectors  in  all  areas  would  involve  a  relatively  high  ex-
penditure. 
Due  to  the  trend  extrapolation,  which  would  have  to  be  ex-
tended  to  cover  the  polluted  areas,  the  degree  of  accuracy 
would  probably  not  be  sufficiently  nigh. -30-
6.  Assessing  Benefits  of  Environmental  Protection  Measures 
6.1.  General  Considerations  on  Measuring  Benefits 
of  Environmental  Improvements 
6.1.1.  Benefit  Considerations  in  the  Decision-Making  Process 
In  general  estimates  of  the  costs  and  benefits  of  a  measure 
are  regarded  as  a  necessary  input  for  decision-making.  This 
applies  a 1  so. to  en vi ronmenta 1  protection  measures.  In  order  to 
be  able  to  balance  disadvantages  (costs)  and  advantages  (bene-
fits)  both  have  to  be  expressed  in  identical  units,  preferably 
in  monetary  units. 
Regarding  the  environmental  benefit,  this  economic  approach  is 
not  appropriate  since  there  are  types  of  benefits  which  cannot 
be  adequately  reflected  in  monetary  benefit  calculations  (see 
Section  6.1.2).  Hence,  alternative  methods  of  assessing 
environmental  benefits  have  to  be  developed  and  applied.  It 
should  be  emphasised  that  the  aim  of  measuring  and  quantifying 
environmental  benefits  is  to  justify  pollution  control  measures 
(or  programmes).  Thus  the  method  adopted  has  to  meet  the 
following  main  requirements: 
·1.  comprehensiveness,  i.e.  it should  include  all  types 
of  benefits 
2.  transparency 
3.  flexibility  with  respect  to  changes  in  priorities 
(e.g.  environmental  goals  vs.  economic  goals) 
4.  avoiding  controvers, 
objective  data 
i.e.  it should  be  based  on 
5.  taking  into  account  the  characteristics  of  the  environ-
ment  as  a  complex  resource  of  great  value  not  only  for 
human  beings  but  also  for  flora  and  fauna. - 31  -
According  to  these  requirements,  two  alternative  approaches 
of  quantifying  benefits  resulting  from  environmental  improve-
ment  are  discussed  in  the  following  and  the  further  procedure 
is  described. 
6.1.2.  rriscussion  of  the  Economic  Approach  for  Assessing 
the  Benefits  of  Environmental  Protection  Measures 
The  monetary  benefits  of  an  improvement  in  the  quality  of  the 
environment  are  defined  as  the  corresponding  reductions  in  the 
costs  associated  with  environmental  damage.  According  to  the 
definitions  of  the  Council  of  Environmental  Quality  (CEQ}  the 
relevant  cost  categories  are:  damage  costs  and  avoidance 
costs  (see  5.1.  ).  In  an  OECD  study  the  costs  associated 
with  environmental  damage  are  classified  according  to  the 
categories  "financial  losses"  and  "amenity  losses".  Examples 
of  financial  losses  are  increased  medical  spending,  value  of 
crops  lost,  extra  painting  cost.  Whereas  it is  possible  to 
express  these  financial  losses  in  monetary  terms  within  a  range 
of  certainty it is  almost  impossible  to  express  the  "amenity 
1  o-s s e s "  i n  m  o  n  e t a r y  v  a 1 u  e s •  T  h  i s  i s  d u  e  t o  t h  e  fa c t  t h  a t  t h  e s e 
amenity  losses  are  more  or  less  intangible.  One  method  pro-
posed  for  estimating  these  losses  is  to  ask  the  individuals 
concerned  about  the  necessary  monetary  compensation  (i.e. 
avoidance  costs).  It  is  quite  obvious  that  this  approach  can 
only  take  into  account  some  aspects  of  environmental  benefits 
and  thus  does  not  meet  the  requirement  of  comprehensiveness 
(see  6.1.1).  In  addition,  the  requirements  4  (objective  data) 
and  5  (consideration  of  flora  and  fauna)  are  not  satiesfied. 
Apart  from  these  arguments  one  important  objection  to  the 
monetary  approach  is  the  following:  it tends  to  concentrate 
on  short-term  physical  effects,  i.e.  it does  not  reflect 
future  generations'  preferences. -32-
As  can  be  shown  in  several  case  studies  the  economic  approach 
tends  to  underestimate  the  benefit  of  an  environmental  control 
measure  and  thus  seems  to  be  inadequate  for  the  purpose  of 
this  study.  As  a  consequence,  in  the  following  section  a  non-
economic  approach  is  discussed. 
6.1.3.  Discussion  of  the  Ecological  Approach  for  Assessing 
the  Benefits  of  Environmental  Protection  Measures 
In  order  to  overcome  the  disadvantages  of  the economic approach 
it is  necessary  to  take  into  consideration 
the  seemingly  harmless  emissions,  which  may  have  long-
term  effects 
accumulation  of  non-degradable  pollution  in  the  natural 
environment 
the  irreversible  environmental  quality  deterioration. 
Since  knowledge  of  the  dose-effect  relationship  is  scarce  and 
sometimes  controversial  it seems  to  be  advisable  to  focus 
attention  on  the  receptors  (man,  plants,  materials,  ecosystems) 
affected  by  pollution  and  thus  deriving  profit  from  pollution 
control  measures.  Although  the  result  of  this  so-called 
ecological  framework  cannot  be  balanced  with  costs  estimates 
for  pollution  control  measures  it seems  to  be  an  adequate  and 
valuable  instrument  in  justifying  pollution  control  measures. 
A -comparison  of  the  different quantities  and  types  of  receptors 
affected  by  alternative  quantity  and  kind  of  pollution  facil-
itates  the  decision-making  process  and  leads  to  a  more  objec-
tive  argumentation.  Looking  at  the  requirements  pointed  out  in 
6.1.1  the  ecological  approach  meets  all  the  requirements  listed. 
As  a  consequence  we  propose  this  approach  as  the  best avail-
able  method  for  identifying  and  describing  the  benefits  of  the 
reduction  of  so2  and  particulate  g.l.  concentration.  The  procedure 
proposed  is.described  in  the  following  section. - 33-
6.2.  Proposed  Procedure  for  the  Identification  of·  the 
Benefits 
6.2.1.  Sensitivity  of  Objects  and  Functions  with  Respect 
to  Pollutants 
Man,  animals,  plants  and  materials  - and  thus  sociological, 
economic  and  ecological  functions  - react  differently  to  the 
atmospheric  pollutants  sulphur  dioxide  and  suspended  parti-
culates. 
At  present  it is  not  possible  to  make  scientifically confirmed 
and  reliable  statements  on  quantitative  relationships  between 
concentration  level  and  effect  of  so2  and  suspended  particulates. 
Some  laboratory  findings  on  dose-effect  relationships  are 
available  for  single  objects,  but  these  cannot  be  transferred 
to  the  environment  as  a  whole  because  of  the  complexity  of 
inter-relations  involved.  It is  possible,  however,  to  make 
qualitative  statements  on  the  sensitivity of  single  objects 
and  functions  on  the  basis  of  observations  in  differently 
polluted  areas  extending  over  many  years. 
To  quantify  the  benefit  resulting  from  the  implementation  of  the 
standards,  it appears  useful  to  select  particularly sensitive 
and  valuable  receptors  and  functions  and  to  restrict  the  following 
study  to  these  samples.  Although  this  procedure  does  not  permit 
the  overall  benefit  to  be  determined,  the  major  part  is  taken  into 
account. 
6.2.2.  Determination  of  Areas  with  Reduced  Pollutant 
Concentration 
As  outlined  in  the  d~scription of  the  transmission  conditions,  the 
implementation  of  the  health  protection  standards  leads  to  the 
reduction  of g.l.  concentration  not  only  in -34-
the  polluted  areas  themselves  but  also  in  the  neighbouring 
areas.  A benefit  in  the  above-defined  sense  results  for  all 
areas  in  which  the  concentration  of  pollutants  is  reduced, 
i.e.  the  air quality  is  improved. 
The  benefit  of  the  reduction  of  pollutant  emission  does  not 
result  merely  from  the  reduction  of  the  pollutant  concentra-
tion  at  one  defined  point,  it results  rather  from  the  change 
of  the  concentration  values  in  all  areas  which  are  affected 
by  the  pollutants  emitted  in  the  polluted  area.  An  important 
factor  for  the  determination  of  the  benefit  is,  therefore, 
the  identification  of  those  areas  in  which  the  pollutant 
concentration  has  been  definitely  reduced.  Basis  for  the 
determination  of  the  amount  of  pollutant  reduction  and  the 
size of  the  areas  affected  is  the  compilation  of  concentration 
inventory,  or  at  least an  emission  inventory. 
A rough method of determining the reduction of pollution according 
to  the  reduction  of  g.l.  concentration  and  the  size  of  the 
affected  area  without  the  use  of  inventories  of g.l.  concen-
trations  or  emissions  is  the  following: 
The  areas  of  peak  concentration  within  the  above  specified 
polluted  areas  are  a·ssumed  to be the  more  (highly  developed) 
urban  areas.  The  size  of  these  areas  should  be  roughly  de-
termined.  These  areas  are  expected  to  be  subject  to  a  reduction 
of g.l.  concentration  equal  to  the  difference  between  the 
highest  g.l.  concentration  value  measured  in  the  area  and  the 
value  specified  in·  the  standards.  The  adjacent  areas  are  ex-
pected  to  be  subject  to  a  distant-dependent  reduction  of g.l. 
concentration.  The  lower  limit  of  reduction  is  a  concentration 
which  may  be  regarded  as  the  basic  concentration.  The  link 
between  g.l.  concentration  reduction  rates  and  distanc~s is 
established  according  to  the  rules  of  dispersion  calculations. -35-
It  should  be  noted,  however,  that  dispersion  calculations 
are  not  to  be  carried  out  for  those  areas  wh~re the  con-
centration  reductions  achieved  are  substantial)y  lower  than 
the  basic  concentrations.  The  same  applies  to  those  areas 
where  the  residual  concentrations  are  very  low. 
As  this  procedure yields  only  very  approximate  values  for 
the  reduction  of  the  pollutant concentration  per  unit  area, 
the  pollution-controlled  areas  should  be  grouped  in  a  few 
(about  three  or  four)  classes. 
6.2.3.  Determination  of  the  Objects  and  Uses  Profiting 
from  the  Reduction  of  Concentration 
The  probability of  damage  is  dependent  on  the  concentration 
level.  A reduction  of  concentration  therefore  also  implies  a 
reduction  of  the  probability  of  injuries  to  health. 
Another  decisive  criterion  of  the  benefit  resulting  from  the 
observance  of  the  health  protection  standards  is  the  number 
of  persons  living  in  the  identified  areas.  The  number  of 
persons  living  in  a  specific  area  can  be  determined  with 
sufficient accuracy  from  generally  accessible statistics and 
maps. 
By  analogy,  the  sensitive objects  and  uses  and  the  use  functions 
residential  population, 
forest  land, 
agricultural  land  and 
ecologically  significant areas 
can  be  determined  for  each  pollution-controlled  area.  Agricultural 
and  forestry  uses  can  be  indicated  both  in  area  units  and  in 
yields  units.  Quantification  of  increases  in  yield  due  to -36-
reductions  of  g.l.  concentration  are,  however,  of 1ittle use 
because  of  the  uncertainties  with  respect  to  the  relationship 
between  g.l.  concentration  and  yield. 
Historically  valuable  buildings  also  belong  to  the  sensitive 
and  valuable  objects.  A number  of  investigations  has  already 
been  conducted,  in  particular  on  the  destruction  of  these 
buildings  by  so2•  It  should  therefore  be  considered  whether 
those  buildings  should  be  included  in  the  study  which  are 
located  in  the  areas  where  the  concentration  lev~l  has  been 
reduced.  The  following  cirteria  can  be  used  for  a  classifica-
tion  according  to  value  and  sensitivity:  type  (e.g.  church, 
castle,  residential  building,  monument),  predominant  building 
material  (e.g.  sandstone,  limestone,  marble),  age  (or  archi-
tectural  style)  and  number  of  comparable  objects. - 37-
7.  Discussion  of  Methods 
Of  the  methods  briefly  discussed  in  the  foregoing,  those 
which  appear  best  suited  for  the  proposed  inves~igation will 
be  selected.  For  each  of  the  five  main  parts  of  the  study 
survey  and  selection  of  polluted  areas, 
determination  of  the  transmission  conditions, 
evaluation  of  the  avoidance  and  reduction  measures, 
determination  of  the  costs  and 
- ·assessment  of  the  benefits 
methods  are  to  be  determined  and  combined  in  the  form  of  a 
set  of  .. method  modules". 
The  methods  are  evaluated  on  the  basis  of  the  following 
criteria: 
low  effort  for  estimating  costs  and  benefits, 
possibility  of  applying  individual  results  to  the  whole 
of  the  survey  area  (EC  countries), 
maximum  possible  accuracy  of  statements, 
quantifiability  of  the  major  results. 
On  the  basis  of  these  criteria,  the  suitability of  the 
methods  is  evaluated  as  outlined  below. 
Survey  an.d  selection  of  polluted  areas 
For  the  survey  and  selection  of  polluted  areas,  the  methods 
"case  study  ..  and  .. consideration  of  all  polluted  areas"  can 
be  eliminated  since  either there  is  a  high  degree  of  accuracy 
but  difficulty  in  applying  the  individual  results  to  the  whole 
survey  area,  or  t~e  required  degree  of  accuracy  involves  too 
much  work. 
lin  order  to  keep  the  necessary  effort within  acceptable  limitsl -38-
and  yet  achieve  sufficiently accurate  results,  the  most  suit-
able  procedure  seems  to  be  to  place  all  po-luted  areas  into 
classes  according  to  special  characteristics.  These  classes 
can  be  grouped  according  to  the  structure of  the  dominating 
polluting  processes  or  of  the groups of  polluter  in  each  area 
(as  described  in  Chapters  2.2.3  and  2.2.2); 
The  most  suitable  of  these  classification criteria appear  to 
be  the  polluting  processes. 
Transmission  conditions 
To  take  into  account  the  transmission  conditions,  the  simpli-
fied  model  described  in  Chapter  3.1.2  can  be  ruled  out.  Apart 
from  its  numerous  assumptions  it is  based  on  administrative 
geographical  areas  and  requires  comprehensive  data. 
Substantial  amounts  of  data  are  also  required  for  the  dis-
persion  calculation  so  that  this  method  can  only  be  applied 
when  the  number  of  types  of  polluted  areas  to  be  examined  is 
low.  The  remaining  possibility  of  simply  assigning  the  share 
of  emission  to  the  total  g.l.  concentration  (as  describ~d  in 
Chapter  3.2.2)  produces  less  precise  results  but  has  the 
advantage  of  being  easier. 
Avoidance  and  reduction  measures 
The  evaluation  of  the  avoidance  and  reduction  measures 
appears  to  involve  no  problems  because  comprehensive  litera-
ture  is  available.  However,  it will  be  necessary  to  collect 
some  data  about  potentially  suitable  processes  and  their 
efficiency. 
Cost  determination  methods 
The  assessment  of  the  cost  determination  methods  is  more 
difficult.  Each  procedure  has  its  advantages,  either with -39-
respect  to  accuracy  or  to  availability  of  data  (see  Chapter 
5.2).  The  specific  disadvantages  are  usually  a  result  of  the 
fact  that  they  were  all  developed  for  purposes  other  than 
the  present  study. 
An  appropriate  method  appears  to  be  the  combination  of  an 
extensive  survey  with  an  investigation  according  to  poll~ting 
processes.  The  other  methods  are  either  too  specialised  for 
specific  plant  types  or  require  too  many  data  to  be  suitable 
for  the  EC  study. 
Methods  of  evaluating  the  benefits 
The  method  most  suitable  for  the  purpose  of  the  present  study 
is  the  ecological  approach  of  measuring  benefits  (see  Chapter 
6.1.3).  The  method  focusses  on  the  identification  and  quanti-
fication  of  sensitive  receptors  (man,  flora,  fauna,  buildings 
ecosystems).  The  main  advantages  compared  with  the  economic 
approach  can  be  summarized  as  follows:  comprehensiveness, 
objective  data,  flexible  with  respect  to  varying  preferences. -40-
8.  Proposed  Further Activities 
The  objective  of  the first  phase  of  this  investigation  was 
to  propose  methods  suitable  for  determining  the  costs  and 
benefits  of  implementing  health  protection  standards  for 
sulphur  dioxide  and  suspended  particulates.  The  next  phases 
will  be  concerned  with  the  practical  application  of  these 
methods. 
8.1.  Basic  Possibilities 
The  question  as  to  which  polluted  areas  are  selected  for  the 
investigation  is  important  for  the  further  course  of  action. 
The  alternatives  include: 
(a)  All  polluted  areas  are  investigated  individually 
(single-phase). 
(b)  The  investigation  of  one  polluted  area  is- conducted 
for  each  member  country. 
(c)  The  study  is  limited  to  the  consideration  of  selected 
types  of  area,  corresponding  to classification  by 
polluting  processes  (single-phase). 
(d)  A pilot  study  is  conducted  for  a  selected  area  and  the 
experience  gained  is  then  applied  to  investigations  of 
type  (b)  or  (c)  (two-phase). - 41  -
8.2.  Proposed  Procedures 
8.2.1.  Determining  the  Costs  of  Implementing  Health 
Protection  Standards 
The  cost  determination  procedure  we  propose  is  described  as 
follows: 
In  phase  two  a  pilot  study  should  be  conducted  to  estimate  the 
expected  costs  in  a  selected  polluted  area.  This  would  take 
advantage  of  the  benefits  of  a  case  study,  especially  con-
cerning  the  detail  of  the  data  collected  and  the  accuracy  of 
the  results.  For  the  data  collection,  we  recommend  a  suitable 
institution  in  the  country  concerned. 
In  phase  three  one  of  each  type  of  polluted  area  (according 
to  the  classification  by  polluting  processes)  should  be  in-
vestigated.and costs  estimated,  this  work  being  conducted  on 
the  basis  of  the  experience  and  results  of  the  pilot study. 
It would  be  useful  to  select  each  type  of  area  from  a  differ-
ent  country  in  order  to  take  account  of  the  specific  features 
of  different  countries. 
The  res u  1  t s  of  the  i n  v  e s t i gat  i on s  i n  to·  the  v  a r i o  us  types  of 
area  can  then  be  extrapolated  for  all  the  polluted  areas. 
Fig.  8-1  shows  the  cost  determination  procedure  recommended 
for  the  pilot  study. 
Some  comments  on  specific  problems  that  need  to  be  solved  in 
phase  two  should  be  emphasized: 
The  structural  data  that  have  been  recognized  as  essential  in 
the  present  methodological  study  (Phase  I)  should  be  determined 
for  the  pilot area.  In  addition  to  obtaining  information  at -42-
the  location  and  drawing  on  literature and  statistics, it is 
useful  to  interview experts.  If  gaps  in  the  available  data 
become  evident  they  should  be  filled  using  approriate  auxil-
iary  information. 
The  transmission  conditions  must  be  determined  in  order  to 
throw  light  on  the  question  of  whtch  measures  should  be  used 
to  reduce  g.l.  concentrations  and  which  polluting  processes 
should  first  be  submitted  to  action. 
The  polluting  processes  and  their emissions  are  identified 
on  the  basis  of  structural  data.  The  processes  are  then  ranked 
according  to  their  shares  in  the  total  emission  of  the  area. 
These  shares  are  then  applied  to  the  g.l.  concentration  by 
means  of  a  simplified  dispersion  model. 
As  part  of  the  "study  of  methods"  (see  Fig.  8-1)  a  catalogue 
of  possible  measures  for  reducing  g.l.  concentrations  is 
drawn  up.  Basically  suitable  (e.g.  technically  feasible,  safe, 
acceptable  in  economic  terms)  measures  are  then  selected  on 
the  basis  of  literature studies  and  discussions  with  experts. 
From  the  resulting  list a  measure  is  to  be  chosen  for  the 
polluting  process  with  the  highest  contribution  to  the  g.l. 
concentration.  It  should  be  chosen  according  to  environmental 
effectiveness. 
The  next  step  is  to  make  sure  there  are  not  alternative 
measures  that  would  offer  the  same  environmental  effects  but 
involve  lower  costs.· -43-
Another  possibility  is  to  apply  a  less  costly  method  (despite 
1  ower  en v i ron menta 1  e f f e·c t i v  en e s s )  and  at  the  same  t i me  to 
apply  auxiliary  measures  to  the  second  most  important  pollut-
ing  process. 
This  procedure  could  eventually  lead  to  each  of  the  polluting 
processes  being  submitted  to  action.  However,  it is  advisible 
to  start with  the  most  important  process  and  to  continue 
progressively.  The  measures  should  always  be  considered  as 
regards  their  environmental  effectiveness  before  being  assessed 
cost-wise. 
A final  point  requiring  attention  is  the  possibility  of 
specific  local  features  (e.g.  the  state  of  production  techno-
logy  or  furnace  equipment)  affecting  the  cos~s  and  making  it 
necessary  to  incorporate  correction  factors  into  the  calcula-
tion. 
8.2.2.  Determining.the  Benefits  of  Implementing  Health 
Protection  Standards 
In  order  to  determine  the  curative  and  preventive  benefits 
of  environmental  protection  measures,  it is  essential  to  know 
the  change  in  g.l.  concentration  related  to  unit  areas.  This 
means  that  in  principle  g.l.  concentration  inventories  must 
be  drawn  up,  at  least  for  the  polluted  areas  and  their 
immediate  vicinity. 
However,  the  effort  involved  in  determining  the  improvement 
in  air quality  per  unit  area  is,  in  our  opinion,  not  justi-
fied.  This  view  is  reinforced  by  the  fact  that  the  informative 
value  of  the  results  is  limited  because  it is  impossible  to 
extrapolate  the  results  for  one  polluted  area  sufficiently 
accurately  to  obtain  the  improvement  in  air quality  of  all 
areas.  Moreover  the  objects  that  are  sensitive  to  the  improve-
ment  in  air quality  also  differ  from  area  to  area  and  must -«-
therefore  be  separately  determined  and  quantifeid  for  each 
polluted  area. 
For  this  reason.  we  suggest  a  determination  of  the  benefits 
in  one  single  polluted  area,  as  an  example,  for  which  the 
area  selected  for  the  pilot  study  appears  particularly  suit-
able. 
In  doing  so  the  improvement  in  air quality  per  unit  area  is 
determined  as  a  first  step.  The  reductions  in  the  concentra-
tions  of  dust  and  so 2  are  dealt  with  separately  since  the 
objects  and  uses  that  are  sensitive  to  these  pollutants  are 
not  identical.  The  improvement  in  air quality  per  unit  area 
will  be  given  in  four  categories  that  have  still  to  be 
defined  and  will  be  determined  on  the  basis  of  the  rules  for 
the  dispersion  calculation,  the  results  of  which  will  be  used 
to  check  the  adherence  to  the  standards. 
The  sensitive  uses  and  objects  are  assigned  to  the  areas  of 
identical  pollution.  The  result  can  be  presented  in  a  table 
(cf.  Table  8-1).  We  regard  it as  indispensable  that  informa-
tion  be  given  on  the  number  of  residents  affected,  and  on 
woodland,  agricultural  land  and  ecologically  important  areas 
that  benefit  from  the  improvement  in  air quality. 
In  our  opinion,  the  problem  of  data  collection  and  data 
processing  for  the  minimum  of  objects  and  uses  stated  above 
is  not  insurmountable.  Other  objects  and  uses  could  be 
included  depending  on  the  desired  degree  of  accuracy  and 
detail. -45-
8.2.3.  Results  Relevant  to  Phase  Three 
The  pilot  study  of  a  single  area  (phase  two)  can  be  expected 
to  produce-results  that  are  necessary  for  carrying  out  phase 
three.  These  results  relate  to  the  following  points: 
Effort  to  collect and  process  the  structural  data  is  reduced 
since  it  is  known  which  data  are  really  necessary  and  - once 
the  data  gaps  have  been  discovered  - the  additional  input 
data  can  be  fixed. 
When  a  simplified  dispersion  calculation  has  been  made  for  a 
specific  area,  it becomes  possible  to  formulate  general  dis-
persion  rules  for  groups  of  emitters  in  this  area.  A correction 
factor  must  be  incorporated  to  take  into  account  specific 
climatic  conditions,  but  overall  the  determination  of  the  g.l. 
concentration  level  is  simplified. 
The  suitability  of  measures  carried  over  into  the  more  detailed 
part  of  the  study  is  critically  examined. 
When  the  cost  of  measures  that  are  basically  appropriate  has 
been  determined  and  assigned  to  the  emitter  groups  in  the  area, 
it is  possible  to  apply  these  results  to  all  areas  of  similar 
structures,  i.e.  of  the  same  classification.  The  sensitivity 
of  cost  to  the  specifif  local  features  can  also  be  included 
in  the  calculation.  This  simplifies  the  procedure. -46-
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The  determination  of  the  benefits  of  measures  will  not  be 
continued  in  phase  three.  Under  the  proposed  procedure  it 
would  be  necessary  to  investigate  each  area  individually 
owing  to  the  large  number  of  area-specific  factors.  Extra-
polation  of  the  results  of  investigations  on  individual  areas 
would  be  impossible  as.  far  as  benefits  are  concerned  because 
of  the  inadequate  representativity. 
8.2.4.  Estimate  of  the  Work  Involved 
Although  the  work  involved  in  phase twoof  the  study  mainly 
depends  on  the  desired  detail  of  the  results  the  following 
rough  estimate  can  be  made:  for  the  investigation  of  the 
cost  of  achieving  the  air quality  standard  in  pilot areas  as 
outlined  in  Section  8.2.1  at  least  ten  man-months  have  to  be 
calculated  for  the  Battelle staff.  In  addition,. the  effort 
involved  in  data  collection  by  a  local  institute  has  to  be 
taken  into  account.  This  rate  of  effort  cannot  be  estimated 
yet  since  it highly  depends  on  the  data  situation.  Approxi-
mately  ten  man-months  effort  is  assumed  for  the  determination 
of  the  benefits  resulting  from  the  introduction  of  the 
standards  (Section  8.2.2). A P P  E N D I  X Al-l 
Table  1-1:  Limit  values  for  sulphur  dioxide  and  suspended  particulates 
Reference  period  Concentration  of  Concentration  of  suspended 
sulphur  dioxide  particulates  plus  sulphur 
dioxide  1 ) 
~g/m3  ~g/m3 
median  of  )  annual  median  )  1.  Year  daily  )  80  of  daily  values  )  >  40 
means  )  .. 
median  of  )  annual  median  )  2.  Year  da i 1  y  )  120  of  daily  values  )  <  40 
means 
Winter  ,median  of  )  winter  median  )  3.  (1.10.-31.3.)  da i 1  y  )  130  of  daily  values  )  >  60 
means  ) 
Winter  median  of  )  winter  median  )  4.  (1.10.-31.3.)  ~a ily  }  180  of  daily  values  )  <  60 
means  ) 
24  hours  a·ri th- )  arithmetic  )  5.  metic  )  250  >  100  (98  percentile)  mean  )  mean  ) 
24  hours  arith- )  arithmetic  )  6.  (98  percentile)  metic  )  350  mean  <  100 
mean  )  ) 
Concentrations  of 
Reference  period  suspended  particu-
lates  alone  1) 
~g/m3 
median  of  ) 
1.  Year  daily  )  80 
means  ) 
Winter  median  of  ) 
2.  (1.10.-31.3.)  da i 1  y  )  130 
mean  ) 
24  hours  arith- ) 
3.  (98  percentile)  metic  )  250 
mean  ) 
1)  measured  by  the  black-smoke  method;  the  results  of  measurements  of  black  smoke 
taken  by  the  OECD,method  have  been  converted  into  gravimetric  units  as 
described  by  the  OECD 
Source:  Gazette  of  the  European  Communitiest  No.  C 63  (dated  19.3.1976)  /2/ Al-2 
Table  2-2:  Polluted  areas  in  the  European  Community 
- Belgium  191 
Brussels 
Antwerpen 
Charleroi 
Gent 
Liege 
Denmark 
-- Copenhagen 
Federal  Republic  of 
Germany  I 1  0 ,  11 ,  1  2  I 
-- Rhein-Main  (Wiesbaden-
Mainz) 
-- Frankfurt 
-- Rheinschiene  SUd 
-- Rheinschiene  Mitte 
-- Ruhrgebiet  West 
Ruhrgebiet  Mitte 
Ruhrgebiet  Ost 
Ludwigshafen 
Berlin 
Hamburg 
SaarbrUckeniVolklingen 
- France  1131 
-- Marseille 
-- Bordeaux 
-- Toulouse 
-- Strasbourg 
-- Paris 
-- Lyon 
-- Lille-Roubaix-Tourcoing 
-- Le  Havre 
-- Rouen 
- Great  Britain 
London 
Manchester 
West  Midlands  (Birmingham) 
Glasgow 
Merseyside  (Liverpool) 
Leeds 
Sheffield 
-- Tyneside  (Newcastle) 
-- Belfast 
Teeside  (Eston) 
Cardiff 
- Republic  of  Ireland 
-- Dublin 
- Ita  1  y 
-- Milano 
-- Roma 
-- Genova 
-- Venezia 
-- Balzano 
-- Pescara 
-- Torino 
- Netherlands  1161 
-- Amsterdam 
-- Rotterdam T
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 Al-7 
Table  4-1:  Catalogue  of  measures  for  reducing  or  avoiding 
emissions  of  sulphur  dioxide  and  suspended  parti-
culates  in  industry  and  households 
(traffic  is  not  included  in  the  investigation  because 
of  its  small  contribution  to  the  overall  emission 
values) 
1.  Sulphur  dioxide 
1.1.  Industry 
1.1.1.  Reduction  of  pollutant  emission  at  the  source  by 
cleaning  the  exhaust  air 
- Wet  desulphurization  processes 
-- Absorption  processes  using  alkaline  absorbents 
-- Absorption  processes  using  alkaline-earth 
absorbents 
-- Absorption  processes  using  other  absorbents 
- Dry  processes  for  the  desulphurization exhaustgases 
-- Adsorption  processes 
-- Reaction  processes 
Processes  for  the  treatment  of  so2  in exhaustgas 
-- Catalytic  oxidation 
-- Catalytic  reduction 
1.1.2.  Changes  with  respect  to  raw  materials  and  fuels 
(fuel  desulphuri zation) 
- Desulphurization  of  heavy  fuel  oil  (atm.  residues) 
from  crude  oil  distillation 
- Desulphurization  of  coal 
- Production  of  gas  from  solid  and  liquid  fuels 
- Substitution  of  fuel 
1.1.3.  Returning  air-polluting materials  into  the  same 
productipn  process  (recycling)  or  into  another  process 
(waste/secondary  product)  in  the  following  form: Al-8 
Table  4-1  contd. 
- Plaster 
- Sulphur 
- Sulphur  dioxide  (so 2-rich  gas) 
- Sodium  sulphate 
- Ammonium  sulphate 
Problems: 
- Quantities 
- Quality 
- Potential  applications 
- Market  prospects 
1.1.4.  Change  of  production 
- Use  of  a  different  process 
- Modification  or  replacement  of  equipment 
- Change  of  the  product 
1.1.5.  Modification  of  the  exhaust  gas  release  conditions 
in  order  to  dilute  the  emissions  by  high  and/or 
several  stacks 
1.1.6.  Limitation  of  the  product  range 
1.1.7.  Shutdown  of  the  plant  (and/or  transfer of  the  plant 
to  less  polluted  regions) 
1.2.  Households 
1.2.1.  Fuel  desulphurization 
1.2.2.  Substitution  of  electric  energy  or district  heat  for 
sulphur-containing  fuels  (prerequisite:  desulphuriza-
tion  by  the  fuel  supplier) Table  4-1  contd. 
2.  Suspended  particulates 
2.1.  Industry 
Al-9 
2.1.1.  Reduction  of  pollutant  emission  at  the  source  by 
cleaning  the  exhaust  air 
- Mass  force  separator  dust  separation  by  mass 
forces  (gravitational  force,  inertial  force, 
centrifugal  force) 
Basic  designs  for  dry  dust: 
-- Inertial  force  separators 
-- Centrifugal  force  separators  (cyclones) 
Filtering  separators  dust  separation  by  filter-
ing  through  porous  layers  and  other  materials 
Basic  designs  for  dry  dusti 
-- Cloth  separators 
-- Packed  bed  separators 
- Electrical  separators 
electric  forces 
dust  separation  by 
Basic  designs  for  either  dry  or  wet  dust: 
-- Dry  electric  separators 
-- Wet  electric  separators 
Wet  separators  dust  separation  by  bonding  the 
dusts  to  the  washing  liquid 
Basic  designs  for  wet  dust: 
-- Static  separators 
-- Rotating  separators 
2.1.2.  Changes  with  respect  to  raw  materials  and  fuels 
2.1.3.  Change  of  production 
Reduction  of  pollutant  emission  at  the  source  by 
process-related  changes 
Use  of  a  different  process 
Modification  or  replacement  of  equipment Al-10 
Table  4-1  contd. 
- Change  of  the  product 
2.1.4.  Modification  of  the  exhaust  gas  release  conditions 
- Stack  height 
2.1.5.  Other  possibilities 
- Limitation  of  the  product  range 
- Shutdown  of  the  plant 
2. 2.  Households 
2.2.1.  Changes  of  the  combustion  or  design  principle  and 
the  mode  of  operation 
2.2.2.  Change  of  fuel A1-11 
Table  8-1:  Example  of  tabular  presentation  of  benefits 
Immission  reduc-
tion  (in  J,tg/m3 ) 
>10  1 0- 5  5  - 2,5  2,5-0,5 
Objects  and  uses 
Area  ( km 2 )  1 5  30  20  1 0 
3  3  3  3 
Residents  (number)  1 5. 1 0  18·10  7. 1  0  1 1 • 1  0 
Woodland  ( km 2 )  7  3  15  6 
Agricultural  ( km 2 )  5  15  0  3  land 
Ecologically  important  resting 
areas  (importance,  place  for  wet  area 
area  ( km 2  )  )  migratory  5  birds  0,8 A2-1 
Fig.  2-1:  Spatial  distribution  of  1973  so2  emissions  (kilo-
tons/a) 
Source:  Johnson,  W.B.,  Wolf,  D.E.,  Mancuso,  R,L.:  The 
European  Regional  Model  of  Air  Pollution  (Eurmap) 
and  its  Application  to  Transfrontier  Air  Pollution, 
In:  NATO/CCMS  Air  Pollution  Pilot ·study  1976  /8/ F
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Figure  8.2-1:  Flow  diagram  of  the  pilot  study 
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Fig.  8.2-2:  More  detailed  flow  diagram 
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